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Abstract                                                                                           
Renewable energy resources like wind and solar energy have the tendency to 
become a regenerative energy without causing damage to environmental. One 
of the methods is the implementation of the piezoelectric transducer (PZT) in the 
building structure. PZT is a material that produces electricity when it is stress 
and strain. In addition, they also can generate electricity with the application of 
some stimulus such as heat, stress or light. This study is conducted to determine 
the optimum voltage that will be produced by PZT from heat and determine the 
depth of piezoelectric transducer will be embedded in the sample. Eight (8) 
samples are prepared with dimension 150 mm x 150 mm x 150 mm and the 
depth of PZT in the sample is 0, 25, 50 and 75 mm.  Two (2) samples were 
prepared for each depth. The data from the field experiment were collected by 
using multi-meter. The data were recorded in every 1 hour for 24 hours starting 
from 1 AM to 1 AM for the next day for three day. From this study, the amount of 
voltage generated by PZT can be used for other devices and the application of 
piezoelectric in the building structure can be beneficial in generating voltage 
while reducing the heat island effect. 
       Keywords-  Piezoelectric Transducer, PZT, Renewable Energy 
1. INTRODUCTION 
Renewable energy resources such as wind and solar energy have the 
tendency to become a regenerative energy without causing destructive 
to environmental. Solar energy is the primary sources to all energy 
sources such as green thermal sources that were distributed all around 
the world. The slab roof can be considered as the largest solar thermal 
collector which receives solar radiation all day long and at the same time 
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it stores some of the energy from it. This energy is completely or partially 
dissipated to the atmosphere at night time. However, achieving higher 
temperature will bringing out the natural issue and heat island effect to 
the urban communities  and also affect structural damage such as 
rutting as a result of thermal cycles. In recent years, harvesting energy 
by using PZT in a building usually applied in a structure with cantilever 
beam. Many researches had conducted this study to detect the damage 
of building and generate a voltage from vibration and stress of the 
building. There are three elements in PZT that can convert to electrical 
energy which is vibration, stress and heat. Therefore, the application of 
PZT as a voltage generator from heat need to be study and more 
research will be conducted then it can be applied to the building. 
2. LITERATURE REVIEW 
The literature review was conducted to increase understanding and 
knowledge of research that have been conducted through medium such 
journal, book, internet sources, newspaper and other related sources 
that can be used. In this chapter, literature of application of PZT in the 
building will be reviewed on;  
2.1 PZT Production 
2.1.1 Vibration Control 
Basic vibration control has constantly gotten impressive research 
consideration in the structural building. The piezoelectric material can be 
utilized as systems to exchange mechanical energy, typically 
surrounding vibration, into electrical energy that can be put away and 
can be utilized to any electric application, [1]. Ajitsaria et al [2] provided a 
modelling of a lead zirconium titanate bender for voltage and power 
generation by transforming ambient vibration into electrical energy to 
supply power in a microwatt range for operating the sensor and data 
transmission. The application of piezoelectric harvester can generate ten 
to thousands of watts of electric power by absorbing ambient vibration 
energy. 
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Figure 1: A schematic diagram of a PZT cantilever beam 
Source: (Ajitsaria et al., 2007). 
 
2.2 Stress/Load 
Hill et al. [3], expressed that a piezoelectric material produces vitality 
when it is stress and strained. At the point when this mechanical anxiety 
creates a voltage and current heartbeat, the output is power (Watts).  
There is two utilization of piezoelectric that depends on anxiety. The first 
is a heap of piezoelectric material is compacted to create energy and a 
beat of force is recorded with every pressure cycle, (for example, the 
entry of vehicle tire over the stack). Seconds, the energy collecting 
instrument has all the earmarks of being a variety of the cantilever or 
bowed bar piezoelectric vitality reaping vibrating as an aftereffect of the 
outside boost. Furthermore, a piezoelectric substance is one that 
produces an electric charge when a mechanical stress is applied [4]. 
Figure 2 show piezoelectric material without a stress or charge. If the 
material is compressed, then voltages of the same polarity as the poling 
voltage will appear between the electrodes (b). If stretched, a voltage 
opposite polarity will appear (c). Conversely, if the voltage is applied the 
material will deform. A voltage with the opposite polarity as the poling 
voltage will cause the material to expand (d), and a voltage with the 
same polarity will cause the material to compress (e). If an Ac signal is 
applied then the material will vibrate at the same frequency as the signal 
(f). 
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Figure 2:  Layout of the PZT transducer  
Source: (Zhao et al., 2010) 
2.3 Heat Consumption 
Heat is define as a form of energy that can be transferred from one 
system to another result of temperature difference [5]. In meantime, 
temperature change between opposite segments of a conducting 
material result in heat flow and consequently charge flow since mobile, 
high-energy carrier diffuses from high to low concentration region [6]. 
The generated voltage and power are relative to the temperature 
differential. The high thermal gradient is essential to produce practical 
voltage and power level. Allamraju & Srikanth [7] say that the 
piezoelectric ceramic are highly brittle and have better 
electromechanical property compare with the piezoelectric polymer. The 
upshot of annealing temperature on dielectric and ferroelectric properties 
of lead zirconate titanate (PZT-5H) thin film produce by oxide precursor 
method. From Jiang et al. [8], they have studied and overview of high-
temperature sensing technique.  They were discussed about different 
type of high-temperature single crystal, electrode material, and their pros 
and cons.  Besides, they were overviewed the recent work on high-
temperature piezoelectric sensor including accelerometer, surface 
acoustic wave sensor, ultrasound transducer, gas sensor for 
temperature up to 1,250 °C. 
2.4 Application of PZT  
The piezoelectricity was found in 1880 by brothers Pierre Curie and 
Jacques Curie. They are learning about combined between 
pyroelectricity and structure of crystals to demonstrate the effect with 
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tourmaline, quartz, topaz, cane sugar and Rochelle salt. They found out 
that when a mechanical stress was applied to these crystals, electricity 
was produced and voltages of these electrical charges were proportional 
to the stress [9]. A piezoelectric material is a type of smart materials that 
exhibiting a direct piezoelectric effect of the internal generation of 
electrical charge resulting from an applied mechanical force stated by 
Xie & Wang, [10]. Generally, piezoelectric material is crystals that 
generate electricity when compressed or vibrated. Moreover, they also 
can generate electricity with the application of some stimulus such as 
heat, stress or light. According to Zhao et al [11], they found that the 
performance of the Cymbal, a PZT can be applied at surface for 
monitoring problem like cracks initiation which is composite of thin PZT 
or lead zirconate titanate disk and metal end cap at the both site of PZT 
by relating the potential electric energy with its geometric parameter like 
the cavity of the depth, thickness of the PZT the thickness of the cap 
steel and the diameter of the cap. 
 
 
Figure 3:  Layout of the PZT transducer  
Source: (Zhao et al., 2010) 
 
3. MATERIALS AND METHODS 
Eight (8) physical models (concrete) were prepared with different 
depth at 0 mm, 25 mm, 50 mm and 75 mm. The model has a dimension 
of 150 mm x 150 mm x 150 mm according to laboratory size of mould. A 
concrete mix of proportions was done which contained the cement, fine 
and coarse aggregate with ratio 1:2:4 according to astm standard 
specification.  
Issues in Built Environment │2018 
ISBN 978-967-2216-60-5 
 
72 
 
Figure 4 shows the preparation of samples that were done by 
following the procedure of concrete cube. Then, the concrete were left 
under the sun for 24 hour for drying process before it can be tested. The 
field measurement was conducted under Batu Pahat climate condition 
and UTHM area was selected as the location of the study. Furthermore, 
the data of temperature were taken from Malaysian Meteorology 
Department in Batu Pahat, for 3 days. The data were used to analyze 
the relationship between temperature from surrounding and PZT 
reading.  
In this experiment, the concrete slab were exposed to the sun and 
left outdoor for 24 hour in 3 days from 1 AM to 1 AM next day which was 
from 29 March 2017 until 31 March 2017.  All results and data for the 
heat and voltages output in concrete were recorded every 1 hour by 
using multi-meter as shown in Figure 5. The data were collected for 3 
days continuously. At the meantime, 
the multi-meter was kept safe from 
raining. 
 
          
Figure 4: Sample preparation 
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Figure 5: Data measurement by using multi-meter 
 
4. RESULTS AND DISCUSSIONS 
(a) The effect of PZT’s depth to voltage production 
Figure 6, 7 and 8 shows the graph of voltages versus time at depth of 0 
mm, 25 mm, 50 mm and 75 mm for three corresponding days.  
 
 
Figure 6: The graph of voltages versus time at depth 0 mm, 25 mm, 50 
mm and 75 mm for days 1.   
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Figure 7: The graph of voltages versus time at depth 0 mm, 25 mm, 50 
mm and 75 mm for days 2.   
 
Figure 8: The graph of voltages versus time at depth 0 mm, 25 mm, 50 
mm and 75 mm for days 3.   
 
Based on the results obtained from all graphs, it was observed that the 
PZT depth plays an importance role to produce voltage output. From all 
figures presented, it shows that PZT located at the top of the sample at 
depth of 0 mm had produced the lowest and most unstable pattern from 
day 1 to day 3.  This is because PZT generally produce voltage when 
the stress and strain are applied on it. For PZT at the surface of sample 
at depth of 25 mm, the result shown at this layer was the second higher 
voltage produced in three days. It was confirmed from the data 
presented in the graph where it shows the different pattern of graph 
between PZT and depths. From all graphs, PZT located at depth of 50 
mm had produce the highest amount of voltages output compared to the 
other depths while PZT at depth of 75 mm had the lowest range of 
voltage output in the slab. Besides that, PZT that located at the lowest 
part of slab at depth of 75 mm had receives less amount of heat. The 
deeper the depth of PZT from surface which receives less heat, the 
smaller the voltages output.  As a conclusion, the suitable depth of PZT 
to produce high output of voltage is at depth of 50 mm which have the 
higher voltage production. 
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(b) The voltage Production by PZT due to Surrounding Temperature 
 
Figure 9 show the comparison of voltage with ambient temperature 
along 3 days 
 
 
Figure 9: The comparison of voltages and ambient temperature at depth 
0 mm, 25 mm, 50 mm and 75 mm for 3 days.   
 
It was observed that the voltage produced have different values due to 
temperature surrounding. When the PZT was located at depth of 0 mm, 
the amount of voltage produced was not constant. This is because it is 
sensitive with the air and temperature surrounding which is affecting the 
multi-meter reading when recording the data. From the graph, the 
temperature was low in the morning due to the lower solar radiation and 
it was resulting in less heat energy being absorbed in the sample. It was 
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noticeable that the graph for all depth was in similar pattern with low 
voltage output in the morning. From that data, there are no obvious 
peaks of voltages at all depths and it is hard to observe the particular 
time the voltage started to increase. This is due to the low solar radiation 
and climate changes in Malaysia. In addition, the rainfall event does not 
affect to the voltages output. The graph shows the similar trend and 
sometimes it remains stable. It is demonstrated that the heat was less 
absorbed in slab which may slightly changes to voltages output. From 
Bilgen & Richard (2002), they had stated that the heat losses are slightly 
higher than the heat absorbed in the slab. From their result, although 
energy can be stored more by continuing heat to the slab, but it storage 
efficiency will be smaller. It also can be seen that the heat release by 
radiation is greater than heat absorbed. So, it can be considered that the 
trend may be attributed different initial condition and the higher heat 
losses of the slab. 
5. CONCLUSION 
Based on the results obtained, the following conclusion can be made: 
 Different depth of PZT’ in slab affected the voltages output.  
 PZT’s at depth of 50 mm produced the highest amount of 
voltage compared to others depth.  
 There is no obvious peak of voltage output for all depths and 
the effect of surrounding temperature does not shows 
significant changes to the voltage output. 
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